Abstract: Academics' and practitioners' interest in sustainable supply chain management has received great concern in recent years. The application of biaxially-oriented polypropylene (BOPP) plastic film has had a significant influence on the economic, environmental and social performance of supply chain management. However, research on the integration of these three sustainable dimensions is still rare in this field. In this paper, we identify sustainability criteria based on a triple bottom line approach (economic benefit, environmental protection and social responsibility) from the supply chain perspective, develop a hybrid multi-criteria decision making framework to evaluate the criteria and select alternatives and apply the proposed approach to a real case study at a focal BOPP plastic film company in China. In the framework, a fuzzy analytical hierarchy process (FAHP) is used to determine the performance criteria weights and a fuzzy technique for order performance by similarity to ideal solution (FTOPSIS) is applied to rank the alternatives. The case study finds that the economic dimension was the most important aspect with environmental second and social third. The results also verify the effectiveness of the proposed framework. This paper develops an effective and systematic approach for decision makers to conduct evaluations and select optimal alternatives for focal plastic film companies.
Introduction
The choice of packaging systems influences the economic, environmental and social performance of a supply chain. Eighty percent of customer purchasing decisions for foodstuffs are made based on the packaging [1] . It is estimated that up to 50% of food is wasted in developing countries before it reaches retailers compared with 3% in developed countries, and packaging is thought to play a large part in this waste [1, 2] . Packaging reduces damage in the supply chain and increases the shelf-life of products. The packaging industry market is huge. Since the reform and opening up, China's packaging industry has developed rapidly, with the total output value increasing from 280.6 billion yuan in 2003 to 1465.8 billion yuan in 2013, an annual compound growth rate of about 17.98%. In 2014, total output value reached 1.48 trillion yuan, with China having become the world's second largest packaging country after the United States.
In 2011, world plastic production rose to approximately 280 million tonnes [3] , of which 54.74 million tonnes were produced in China. By 2015, Chinese plastic production had risen to 75.61 million tonnes, an average annual growth rate of about 9.53%. The market share of end-use applications shows that the largest segment in this growth area was the packaging sector, representing 39.4% of the environmental and social dimensions [29] , but there has been limited research that has integrated all three. The work in [30] considered economic, environmental and social dimensions, but failed to identify any concrete criteria. Generally, a majority of past research has focused on economic and environmental performance, completely ignoring the social dimension [12] . This may be because the social dimension is the most difficult to assess as social indicators are difficult to quantify and are often prone to subjectivity [32] .
• Plastic film assessment methods usually involve a single evaluation, the most common of which has been the LCA method [1, 25, 29] . While the life cycle assessment approach is a popular technique for addressing the environmental aspects of supply chains, implementation is not always possible because of the complex and time-consuming process [31, 33] . Integrated hybrid fuzzy multi-criteria decision making (MCDM) methods and fuzzy individual AHP have also been popular methods [34] ; however, fuzzy MCDM methods have seldom been used in plastic film assessment, as this method has been considered more suitable to sustainable evaluation systems [12, 32, 34] .
• Few sustainability criteria systems that concurrently consider the economic, environmental and social dimensions have been developed for the plastic film supply chain [12, 16, 30] . In the plastic film industry, the conventional indicators are insufficient for an accurate assessment of the performance of sustainable supply chains, as they predominantly focus on environmental issues [32] .
• Most industry evaluations have usually focused on the product and few have examined the overall supply chain management [1, 3, 29] . However, to fully examine the sustainable development of plastic films, an assessment from the supply chain perspective has become increasingly important [16, 32] . Therefore, it has become imperative to establish an assessment system for sustainable supply chain management in the plastic film industry [12, 22, 23] .
Therefore, considering the present Chinese BOPP industry situation, it is evident that there is an urgent need to develop an appropriate framework to evaluate the sustainable performance of BOPP plastic film supply chain management [16, 22, 23, 35] . From a contemporary understanding of sustainable SCM, performance measurement indicators, tools and management systems are an essential and integral part of sustainable SCM [32] . With this in mind, the novelty of this paper is as follows.
• A sustainability indicator system applicable to the plastic film supply chain is developed that considers the economic, environmental and social dimensions from the supply chain management perspective.
• A fuzzy hybrid multi-criteria decision making framework is proposed to evaluate and select the optimal solution for the plastic film supply chain. A fuzzy AHP is first used to prioritize the criteria, and fuzzy TOPSIS is applied to rank the sustainability alternatives.
•
The proposed method is applied to a real case study at a focal BOPP plastic film company in Chengdu. The results from this model could provide decision support for policy makers to balance BOPP supply and demand, adjust the industry structure and promote regional sustainable eco-environmental development in China.
The remainder of the paper is organized as follows. Section 2 gives a literature review on sustainable performance assessment; Section 3 outlines the current status of the BOPP plastic film industry in China; Section 4 proposes a sustainable assessment framework; Section 5 presents an application example; and Section 6 concludes the study.
Literature Review
In this section, previous research on the sustainable dimensions of supply chain management and evaluation methods and plastic films assessments are reviewed to identify the sustainable criteria and methods to be used in our study.
SCM Sustainability Dimensions
Most sustainable supply chain management (SSCM) models have tended to only focus on either economic or environmental aspects [16, 22, 23, 36] ; few have integrated two sustainability aspects, and very few models have concurrently integrated three aspects [16] . In the following, we focus our review on those papers that have included two or three supply chain management sustainability dimensions.
Chaabane et al. [37] presented a mixed-integer linear programming-based framework for sustainable supply chain design and evaluated the tradeoffs between economic and environmental objectives under various cost and operating strategies in the aluminum industry. Eskandarpour et al. [31] proposed a literature review focused on optimization models and techniques on supply chain network design problems integrating sustainable development factors. Chardine-Baumann and Botta-Genoulaz [23] presented a framework for sustainable performance characterization and assessment. Sardar et al. [38] proposed a sustainable outsourcing strategy for international markets to reduce costs and cost reductions and increase capacity flexibility for domestic market outsourcing. Bouherroub et al. [22] developed an integrated approach for transposing sustainable development principles to supply chain modeling and applied it to a Canadian lumber industry case. In evaluating and selecting sustainable suppliers, Sarkis and Dhavale [39] took a triple-bottom-line approach based on a Bayesian framework and a Monte Carlo Markov Chain (MCMC) simulation to rank and select suppliers using special selection objectives. Gopal and Thakkar [40] examined how sustainable supply chain practices are relevant, and helped to improve industry supply chain performance and found that social and environmental performances had a positive relationship with economic performance. Shen [41] examined a current textile and clothing sustainable supply chain and applied the findings to an H&M case study to assess human wellbeing, environmental wellbeing and economic wellbeing from a Swedish perspective. You et al. [42] analyzed the Pareto frontier for the three sustainability dimensions. Matos and Hall [36] assessed sustainable development by applying the life cycle assessment (LCA) method to two case studies. Yusuf al. [43] studied the impact of sustainability on the operational and business performance of U.K. oil and gas supply chains. Björnberg et al. [15] investigated the sustainable key actors in a Swedish food supply chain and found that there was a less explicit consensus between the companies. Berning and Venter [44] applied a related supplier theory to decide on retailer progress in sustainable supply chain management. Varsei et al. [21] presented a multidimensional framework that could be useful for research scholars and supply chain practitioners in identifying and assessing various economic, environmental and social performance indicators. Varsei and Polyakovskiy [33] investigated a wine supply chain and proposed a generic model for sustainable wine supply chain network design that encompassed economic, environmental and social objectives. Balfaqih et al. found that performance measurement in supply chain management was a fruitful research field [32, 45] . The sustainability dimensions are shown in Table 1 .
As mentioned above, to the best of our knowledge, the only previous research that has referred to supply chain management assessment has been [21, 23, 36, 39] ; all other papers have tended to concentrate on supply chain design or planning. The first purpose of this paper is to define the sustainability assessment dimensions for the BOPP plastic film supply chain. In this paper, through a comprehensive research analysis, three concurrent sustainability dimensions have been identified; economic benefit, environmental protection and social wellbeing. 
Review of Evaluation Methods
Performance measurement methods that consider multiple sustainability performance criteria encompass multiple dimensions [22] . There have been some notable contributions to the evaluation field. Seuring [12] divided sustainability models into four categories: life-cycle assessment (LCA)-based models, equilibrium models, multi-criteria decision making (MCDM) and analytical hierarchy process (AHP) applications. Mardani et al. [34] grouped research into four areas: engineering, management and business, science and technology; and after analysis found that hybrid fuzzy integrated and fuzzy MCDM methods were the first and second most commonly-used methods.
In the real world, there are many problems that need to deal with vague, imprecise and uncertain information [46] , making it difficult to provide numerically-precise information [47] . The use of linguistic modeling in problems dealing with non-probabilistic uncertainty has proven to be logical and has produced successful results in different fields, with the vagueness and uncertainty being handled using fuzzy set theory [34] .
Multiple criteria decision-making research has developed rapidly and has become a main research area for dealing with complex decision problems [46] . One of the most outstanding MCDM approaches has been the fuzzy AHP, which is able to handle linguistic variables from the uncertain imprecise judgments of experts [34] . Fuzzy AHP has been extensively used as a useful multi-criteria decision making tool or a weight estimation technique in diverse applications [12, 46] . Recently, the use of fuzzy AHP has been extended to multi-criteria decision problems in a few other fields. Abdullah and Zulkifli [46] proposed a hybrid fuzzy AHP method and an interval Type-2 fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL) for human resource management. Ng [48] applied a fuzzy AHP method to evaluate the environmental performance of design alternatives. Kilincci and Onal [49] applied FAHP to a supplier selection problem in a washing machine company. Chen et al. [50] used FAHP to evaluate teaching performances, and Patil and Kant [51] proposed an FAHP approach for knowledge management.
Fuzzy TOPSIS is another MCDM method that has been widely used to solve problems in a fuzzy environment [47] . Fuzzy TOPSIS is based on the concept that the chosen alternative should be closest to the positive ideal solution (PIS) and the furthest from the negative ideal solution (NIS) [47, 52, 53] . Fuzzy TOPSIS methods are very suitable for solving real-life application problems under a fuzzy environment [51, 53] . Cavallaro et al. [52] applied fuzzy TOPSIS to evaluate combined heat and power systems. Zyoud et al. [53] proposed a fuzzy AHP-TOPSIS framework for water loss management in developing countries. Lima-Junior and Carpinetti [54] used fuzzy TOPSIS for supplier evaluation and management. Kusi-Sarpong et al. [55] used a joint rough sets and fuzzy TOPSIS methodology to evaluate green supply chain practices in the mining industry. Additionally, Patil and Kant ranked the solutions for knowledge management adoption in a supply chain to overcome barriers [51] .
Hybrid fuzzy integrated and fuzzy MCDM methods have been found to be the first and second most popular methods [34] . The hybrid FAHP-TOPSIS method as an FMCDM approach has been widely used in management and business [34, 51, 53] . The second purpose of this paper is to develop a framework to evaluate the performance of the plastic film supply chain, for which the hybrid FAHP-TOPSIS is employed.
Review of Plastic Film Assessment Research
While significant research has been done on plastic film, most has focused on the environmental assessment of the products. Jasch [25] applied an LCA methodology to evaluate the damage arising from the life cycle of a bi-layer film bag for food packaging from an environmental perspective. Leceta et al. [26] conducted an environmental assessment of bio-based films based on agro-industrial byproducts and marine residues in an effort to add value to these wastes. Barlow and Morgan [1] focused on packaging in the meat and cheese industry and analyzed the impact of films and bags and the influence of packaging on the levels of waste and energy consumption elsewhere in the system. Toniolo et al. [3] focused on the environmental advantages of two recycled plastic packages, one recyclable after use and one not, using the LCA approach. The results indicated that the choice of a comparative LCA application was an effective method for investigating the extent to which an innovative recyclable package was environmentally preferable to an alternative non-recyclable package. Martinho et al. [24] focused on increasing packaging sustainability through the use of eco-design tools and examined the factors that influenced consumer product purchasing and recycling behavior with respect to sustainable packaging. The sustainable variable was environmental awareness, which included purchase and disposal actions. Some assessments have focused on two dimensions, such as economic and environmental dimensions or environmental and social dimensions. Pålsson et al. [27] developed an evaluation model for the selection of packaging systems in supply chains from a sustainability perspective. Environmental calculations were based on carbon emissions, and economic calculations were based on costs. Grönman et al. [28] presented a systematic framework for sustainable food packaging design using SWOT analysis and used the LCA method to evaluate the environmental and economic functions. Pires et al. [29] considered sustainability criteria, which were aggregated using a multi-criteria decision making method on two dimensions: environmental aspects related to life cycle assessment and social aspects related to the environmental information on the packaging. There has to date been little research focused on all three dimensions. Zailani et al. [30] carried out a cross-sectional survey in 700 companies and found that eco-efficiency practices had a direct influence on the adoption of sustainable packaging and therefore affected the sustainable supply chain performance of the firm; however, no specific plastic film indicators were identified. The evaluation dimensions and indicators for plastic films are shown in Table 2 .
To the best of our knowledge, there has been little research that has integrated the triple bottom line approach for plastic films supply chain management sustainability evaluations, and there have been few assessments on BOPP plastic film supply management. From this, therefore, it can be concluded that, at present, there is insufficient integration and maturity in the plastic film field [16, 22, 23] as there is no fully-integrated evaluation framework for the plastic film industry in line with the TBL approach. This paper seeks to enrich these contributions by developing a framework for a sustainable performance assessment of the BOPP plastic film supply chain in China. The framework is developed and reinforced by the simultaneous assessment concept of the TBL sustainability dimensions. The third purpose of this paper is to identify specific sustainability criteria for BOPP plastic film supply chain management, for which the above-mentioned research can offer a useful reference. It is evident that such sustainability dimensions, assessment methods and performance measurement indicators are a significant and integral part of sustainable plastic film supply chain management. 
Current Status of BOPP Industry in China
Currently, China is the second largest economy in the world with an annual growth rate of about 7%. This economic growth has been placing massive demand on the packaging industry. Until 2015, there were about 110 BOPP film production companies and 230 production lines in China, with a total capacity of 5.16 million tonnes and a total output of 3.85 million tonnes. However, regardless of this growth, the current industrial concentration is too low. As can be seen in Table 3 , the BOPP has experienced rapid development in recent years. Since 2004, China's BOPP industrial capacity and production have had steady growth, with an annual growth rate of more than 10%. Total production capacity has increased by nearly two times from 1.93 million tonnes to 5.16 million tonnes.
However, demand has not kept up with supply, which has caused serious problems for specific companies. Oversupply has resulted in closures, bankruptcies and company restructuring. At this time, BOPP enterprises are facing a severe test.
BOPP development has been uneven and has had prominent structural contradictions. In recent years, new production lines have been mainly for flat film production; however, functional film supply is unable to meet market demand. Therefore, there is overcapacity in some areas because of an irrational product structure, and these serious structural issues are expected to continue if the current product status remains the same. Seventy percent of domestic demand for BOPP film in 2011 was for flat film, 6% for pearl film, 5% for cigarette packaging film, 9% for capacitor film and 10% for all others (Figure 1 ). However, flat film demand has been gradually decreasing, and demand for functional film has been increasing year on year due to market changes. According to data from 2015, market flat film demand was about 60%, a decrease of 10% compared to 2011. BOPP capacity is widely distributed in China, but is extremely uneven with large regional disparities. The economies of East China and South China are relatively developed with significant flexible packaging demand. Therefore, the numbers and capacities of BOPP packaging film manufacturing companies are much greater than in the Southwest or Northwest, in which there are no BOPP plants. As shown in Figure 2 , BOPP packaging film capacity distribution is mainly concentrated in East China (Shanghai, Zhejiang, Anhui, Jiangsu, Shandong, Fujian and other provinces) and South China (Guangdong, Hainan and other provinces and regions). As the film industry development speed in the northeast, north and southwest is increasing and because of cost increases in South China and the Jiangsu and Zhejiang areas, the industry is expected to move to the north and west. Another major factor behind this expected move is the Chinese regional industrial support policy. There are no BOPP plastic film production lines in the northwest (Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang). However, the demand for BOPP plastic film in this area has increased year on year. In particular, border exchanges with Central Asia (Kazakhstan and other countries and regions) are increasing with exports of BOPP from Xinjiang increasing annually. Northwest BOPP films are mainly purchased from the southwest (Chengdu and Chongqing), as well as from the South China and East China regions. Therefore, there is significant space for BOPP development in the western region of China.
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The Proposed Framework for Sustainable Performance Assessment
There has been little research into identifying the criteria and prioritizing and ranking the alternatives to develop a sustainability assessment framework for the BOPP film supply chain for Chinese companies. There are many situations where only vague, imprecise and uncertain information is available, so it has been difficult to provide numerically-precise information. MCDM has proven to be a powerful widely-used tool for problems with multiple and often conflicting criteria [16, 34] . In this paper, fuzzy AHP is used to determine the sustainability weights for the performance criteria, and fuzzy TOPSIS is applied to rank the sustainable alternatives.
The Sustainable Framework
A three-phase methodology has been applied to evaluate the criteria and select the sustainable alternatives for the BOPP industry ( Figure 3 ).
Phase 1: Identification of sustainable criteria based on a literature review and expert opinion. Phase 2: Using a fuzzy AHP approach to prioritize the criteria, develop a decision-support framework for an integrated sustainability evaluation of the BOPP plastic film supply chain in which the economic, environmental and social dimensions are integrated to assist decision makers with incorporating varying sustainability criteria preferences, so as to identify the most sustainable options.
Phase 3: Using a fuzzy TOPSIS method, the alternatives related to the BOPP film industry sustainability assessment are ranked to improve efficiency and effectiveness in the sector. 
Sustainability Criteria Identification
Sustainable supply chain management is one of the key measures for the modern management emphasis on sustainable development [22] . TBL theory usually distinguishes three dimensions for supply chain sustainability assessments: economic performance, environmental protection and social responsibility [23, 35] . Inspired by previous research and expert opinion, the suggested model here has fourteen criteria across the three dimensions, with five each for the economic and social dimensions and four for the environmental dimension, as shown in Figure 4 . 
Economic Dimension
Although there have been many tools developed to assess SCM practices, the five metrics of the supply chain operations reference model (SCOR) have often been used to evaluate economic performance [20, 22, 23, 56] . Approximately 800 companies around the world have verified the model's reference value [23, 56] . As economic performance is a measure of the success of business activities, it can severely impact the BOPP supply chain. Research on SC economic performance measurements has usually included five indicators: reliability, responsiveness, flexibility, financial performance and quality [22, 23, 56] .
Reliability refers to the delivery performance in the plastic film supply chain; that is, putting the correct product in the correct place at the correct time in the correct condition and with the correct quality packaging and the correct documentation to the correct customer [56, 57] .
Supply chain responsiveness is defined as the speed at which the plastic film supply chain supplies products to the customer [56] . From the perspective of the BOPP film supply chain, responsiveness refers to the efficiency of material flows, information flows and financial flows from the point-of-origin to the point-of-consumption [31] .
Flexibility is the ability of the supply chain to respond to marketplace changes or to gain or maintain competitive advantage [56] . In the study, flexibility means that the BOPP plastic film supply chain must constantly evolve and improve as times and conditions change [57] .
Financial performance is a broad term that includes the costs and asset management in SCM, such as design costs, purchase costs, source costs, production costs, delivery costs, return costs, supply chain costs, cost variances from expected, standard or contracted costs and complementary assets, as well as return on investment [23, 36, 39, 56, 57] .
Quality is an important aspect of the client-vendor relationship [23, 39, 56] . Inferior quality affects the focal company's financial performance, as well as its reputation [39] . In the BOPP film industry, quality is measured as product quality and service quality.
Environmental Dimension
Environmental assessment judges the environmental consciousness of the supply chain [39] ; however, there is no consensus as to what the environmental and social performances should be, as this depends on the industrial sector and the region or the country in which the operations are located [22] . Several international standards, such as the OECD guidelines (Organization for Economic Co-operation and Development) [58] , ISO 26000 [59], ISO 14001 [60] , SA 8000 (Social Accountability 8000 International Standard) [61] , GRI (Global Reporting Initiative) [62] , the SCOR reference model [56] and scientific works, have proposed more or less generic criteria that could be adapted, but these standards do not encompass all sustainable development fields. In this paper, four environmental fields in the BOPP film supply chain management are isolated: energy consumption, carbon emissions, waste management and environmental management systems (EMS).
Energy consumption is one of the most used indicators in the environmental dimension [1, 20, 21, 25] . In the BOPP film industry, energy consumption usually refers to the electricity, natural gas and energy sources used in the production and the distribution stages.
As climate change has now been recognized as a serious concern for modern society [17, 28] , carbon emissions' reduction has become an urgent global issue in the last decade to mitigate climate change [27, 33, 37, 42] . In the BOPP film industry, there are concerns about greenhouse gas emissions from the production and logistics stages.
Waste management is often representative of industrial development [21, 31] . In the BOPP film industry, waste management usually refers to product abandonment in landfills, product recycling into raw materials and product reuse, returns or re-manufacturing for further consumption [17] .
The environmental management system is a practical decision-support tool designed to assist organizations achieve better environmental performance, ensure continual improvements and prevent adverse environmental impacts [32, 60] . In the BOPP plastic film industry, the EMS includes aspects such as the establishment of an environmental budget, environmental certification, environmental compliance and environmental evaluations [23] .
Social Dimension
Social responsibility is a global indicator used to assess a company's social performance. It assesses the social consequences of the company's activity on its stakeholders [23] . Sustainable operations need a sustainable workforce and community. A socially-responsible supply chain attempts to improve the community within which it operates and ensures wellbeing for its employees and customers [39] . In this paper, we measure this dimension across five criteria: employment, health and safety, work conditions, societal commitment and customer issues.
Employment (or job creation and wealth) is the most important social criteria [37, 62] . Companies seek to improve standards of living by providing full and stable employment [22, 23, 36] . The number of positions created in the supply chain and total employee turnover are used as social indicators in this study.
Health and safety evaluate the impact of a practice or product on employee and customer health and safety [23, 31, 36] . The aim is to promote and maintain the highest degree of physical, mental and social wellbeing for employees and customers to prevent occupational accidents and to ensure customers are not harmed by poor quality products.
Working conditions encompass many areas related to employee satisfaction; salaries and other compensation, work time, rest periods, vacations, human resource development, disciplinary practices, dismissals and maternity issues [23, 37, 62] .
Societal commitment refers to the social responsibility the company shows towards the local community and stakeholders [39] and encompasses improvements in education, culture, healthcare and technological development, as well as contributions to societal investment [23, 36, 58] .
Customer issues refer to all issues that individually affect each customer [31] . They are mainly focused on consumer healthcare and security, the protection of customer data and privacy, the provision of marketing and information to consumers and the offer of other essential services [23, 36, 58, 59 ].
Methodology
To achieve the aim of this research, a fuzzy AHP-TOPSIS was used to first determine the relative priority of the BOPP sustainability evaluation criteria and then rank the sustainable alternatives for the BOPP film industry. In plastic film supply chain management, as decision making problems are generally vague and uncertain, fuzzy set theory can be used [34] . The sustainability dimensions and sub-criteria system have a hierarchical structure, meaning that both the importance weights for the dimensions and the sub-criteria can be determined using the AHP method [46, 53] . As the expert preferences are described using linguistic judgments or variables, fuzzy set theory can be applied to address the inherent uncertainty in the preferences. Therefore, a FAHP method that integrates the AHP method and fuzzy sets is selected here to determine the criteria weights.
TOPSIS is another MCDM method, which is based on the chosen alternative being closest to the positive ideal solution and farthest from the negative ideal solution [47, 52, 53] . In the classical TOPSIS approach, personal judgments are represented using crisp values; in reality, however, measurements using crisp values are not always possible. A better approach may be linguistic values rather than crisp values, for which fuzzy set theory can be used. For this reason, the fuzzy TOPSIS method is suitable for solving real-life application problems under a fuzzy environment [51, 53] . Using this technique, the options are evaluated with respect to a set of criteria as the linguistic experts' opinions are subjective, vague and imprecise in nature [54] . Therefore, fuzzy TOPSIS is suitable for the BOPP plastic film assessment, which is used to rank the sustainable alternatives. Details of this fuzzy AHP-TOPSIS technique are given in the subsequent subsection. Satty [63] that gives structure to multi-criteria decision making solutions. Fuzzy AHP methods combine AHP with fuzzy set theory to solve hierarchical fuzzy problems and are able to handle linguistic variables to include expert uncertain imprecise judgments. Recently, fuzzy AHP has been widely used to solve multi-criteria decision problems in other fields, such as human resource management, supplier selection and performance evaluation [48, 49, 52] . For the sustainable assessment in this paper, a proposed fuzzy AHP approach was developed as outlined below.
Fuzzy AHP AHP is a quantitative technique introduced by
(1) Construct the criteria system and the hierarchical model. The dimensions and criteria were used to establish the criteria system, from which the AHP hierarchical model was structured. (2) Apply the fuzzy concepts. As decision making is very difficult in vague and uncertain environments, fuzzy set theory was used to handle this information. (3) Develop a fuzzy pairwise comparison matrix. The fuzzy scales of relative importance are given in Table 4 . (4) Analyze the importance weights of the indicators. To determine the indicator importance weights, the fuzzy assessment matrix was analyzed and the entries converted into crisp values. However, for this operation, some appropriate calculation procedures were required. The details of the fuzzy set and the essential calculations for the extent analysis method are given in [51, 63] . The most important/preferred (8, 9, 10) 4.3.2. Fuzzy TOPSIS TOPSIS is based on the concept that the chosen alternative should be closest to the positive ideal solution (PIS) and furthest from the negative ideal solution (NIS). Fuzzy set theory can be used to present linguistic values. Therefore, the fuzzy TOPSIS method is suitable for solving real-life application problems under a fuzzy environment [47] .
The details of the essential calculations for the fuzzy TOPSIS extent analysis method are as described by Chen et al. [47, 51] .
Application Example
Based on the hybrid framework presented above, we give an example in this section for the evaluation and selection of sustainable supply chain performances in one of the largest and the most competitive BOPP plastic film companies in western China. The company is located in Sichuan Province, a province that has significant room for future BOPP development. The company products fall into two main categories: flat film and cigarette packaging film. Flat film is usually used for food, beverage and other packaging and accounts for 69% of the total income. Cigarette film is mainly supplied to tobacco factories and accounts for 31% of company income, but is the most profitable product. In recent years, due to pressure from customers, the government, non-government organizations (NGOs) and the increasingly intense global competition [12, 22, 23, 31] , sustainable development has been playing an increasingly important role in the BOPP plastic film supply chain. Faced with issues such as imbalanced supply and demand, irrational structures, unbalanced regional development, environmental protection and social wellbeing, the company needed a solid strategic approach to fully understand the criteria and the alternatives to achieve a sustainable effective BOPP supply chain in China. For this reason, this paper developed a decision-support framework to evaluate sustainability in the BOPP supply chain in a Chinese context, which could assist in both identifying and prioritizing the sustainability criteria and alternatives associated with the BOPP industry and improve efficiency and effectiveness through an integrated consideration of the economic, environmental and social dimensions.
Identification of Sustainable Performances and Feasible SCM Alternatives
In the first phase, to analyze the problem, a decision group of twelve experts was formed. There were two senior managers, three academicians, three senior SC member executives, two environment and forest ministry members and two customers. All experts were highly skilled in their respective domains and were proficient in decision making. In this study, fourteen sustainability performance sub-criteria based on the TBL approach were identified from the literature review and intensive discussions with the decision group members.
A four-level decision hierarchical structure was used in this research. Sustainable performance assessment was the objective on the first hierarchical level; the triple bottom line made up of the economic, environmental and social dimensions was on the second level; the fourteen sub-criteria were on the third level; and the sustainable alternatives were on the fourth level (Figure 4 ).
Determining Sustainable Performance Weights Using Fuzzy AHP
In this step, using linguistic variables, the expert panel was asked to make pairwise comparisons for the three TBL dimensions and the fourteen criteria using Other matrix elements were determined using the same calculation process, from which the synthetic pairwise comparison matrix of the dimensions was developed, as shown in Table 5 . 2) The fuzzy mean and spread method was adopted to defuzzify and rank the fuzzy numbers:
MSw 2 = 0.2364
Using the same method, the fuzzy comparison matrices for the economic, environmental and social criteria were determined, as shown in Tables 6-8. The results obtained from the calculation based on the pairwise comparison matrices provided in Tables 5-8 are presented in Table 9 . The CR (Consistency Ratio) values for all matrices were less than 0.1; therefore, these matrices were consistent. Quality was found to be of the highest importance in the order, followed by financial assets.
Ranking Alternatives Using Fuzzy TOPSIS
It was assumed that all experts were of the same importance. The expert group was asked to establish a fuzzy evaluation matrix using the linguistic terms shown in Table 10 . Alternatives A1, A2, A3, A4 and A5 were solutions given by the Board of Directors office of the focal plastic film company. The five alternatives were different because of the different numbers of upstream and downstream enterprises. In this paper, we only considered a three-echelon supply chain, which included suppliers, the focal company and the clients.
The fuzzy decision matrix for the alternatives was determined usingx ij = Table 11 . UsingR = [r ij ] m×n , the fuzzy-decision matrix was normalized, as shown in Table 12 . The fuzzy weighted normalized decision matrix was determined usingṼ = [ṽ ij ] m×n , i = 1, 2, ..., m, j = 1, 2, ..., n in Table 13 . The final evaluation and ranking of alternatives were then determined by
.., 5, j = 1, 2, ..., 14, and
.., 5, as shown in Table 14 . Table 10 . Linguistic variables for the ratings.
Linguistic Variable Fuzzy Number
Very poor (VP) (0,0,1)
(5,7,9) Good (G) (7,9,10) Very good (VG) (9,10,10) 
Results and Discussions
From the literature review, it was found that most plastic film assessments only considered one sustainability dimension [1, 3, [24] [25] [26] ; few considered two dimensions [27] [28] [29] ; and very few considered three dimensions [30] . Academic and corporate interest in sustainable supply chain management has risen considerably in recent years [16] . In this paper, the triple bottom line approach (economic benefit, environmental protect and social responsibility) was employed to assess the plastic film supply chain.
In the plastic film industry, the main method used has been life cycle assessment, which is usually focused on the environmental dimension [1, 25, 29] . However, a multi-criteria decision making method is more suitable for the sustainability assessment of multi-dimensional problems [12, 32, 34] . In this paper, a hybrid FAHP-TOPSIS methodology was developed to evaluate the sustainability criteria and to select sustainable alternatives. This paper assessed the sustainability criteria in plastic film supply chain management. Because of the fierce competition and the imbalances in supply and demand, it is very important for this focal plastic film company in China to develop sustainability evaluation systems.
Plastic film assessments have generally focused on the product itself [1, 3, 29] and have rarely considered evaluation from a supply chain management perspective [30] . With the development of plastic film sustainable supply chain management, increasingly more companies are focusing on sustainable assessment from the perspective of supply chain management [12, 16, 32] . In this paper, the criteria and selected alternatives were assessed from a plastic film supply chain management perspective.
Few plastic film supply chain sustainability indicator systems have concurrently considered the economic, environmental and social dimensions [12, 16, 30] . However, conventional indicators are insufficient when seeking to assess the performance of sustainable supply chains, as they predominantly focus on environmental issues and mainly emphasize the product itself [1, 3, 32] . In this paper, we identified fourteen indicators suitable for the plastic film industry, which can provide theoretical meaning and practical value for theoretical research and company operations.
As shown in Table 5 , the priority of rankings for the sustainability assessment criteria dimensions for BOPP industry supply chain management was economic-environmental-social. The economic dimension was 0.6081 and was ranked first; the environmental dimension was 0.2364 and was ranked second; and the social dimension was 0.1555, so was ranked third. Markman and Krause (2016) believed that the environment should be given first priority, with society second and the economic dimension third [64] . Luthra et al. (2015) believed that the environmental dimension should also be the first priority, but placed the economic second and the social dimension third [65] . The conclusion here, therefore, differs from the conclusions reached in these recent studies. Struggling firms are unable to prioritize environmental sustainability ahead of societal and economic sustainability [64] . The BOPP industry in China is faced with overcapacity, and there is an imbalance between supply and demand. Enterprises that have operating difficulties either close down or phase out a production line, with some facing bankruptcy and others reorganizing their companies to ensure continued survival. Therefore, as the focal company is also facing intense competition to survive and develop, they need to place greater attention on the economic dimension. The second reason that the environment is not considered the first priority is that the BOPP film raw material is polypropylene, which is an environmentally-friendly material, so it has little negative impact on the environment. The priority for the specific indicators within the respective dimensions is given in Table 9 . The research findings were discussed with the expert group to gain a better understanding of the contemporary issues associated with the BOPP supply chain management in a Chinese context, which could improve chain effectiveness and sustainability.
The "economic dimension (Eco)" was first in the order and consequently had the highest priority in reference to the other criteria dimensions. Ther were five specific criteria in this dimension, as shown in Table 6 , Eco5>Eco4>Eco1>Eco3>Eco2; which had the following respective weights; Quality (0.3395)>Financial performance (0.2773)>Reliability (0.2379)>Flexibility (0.1250)>Responsiveness (0.0203). Of these, 'Quality (Eco5)' had the highest priority. Economic problems are related to a product's life span, one of the most important features of which is the unique product function. Therefore, decision makers need to logically consider quality issues. 'Financial performance (Eco4)' was ranked second after 'Quality', meaning that effective financial management was seen as relatively important for economic development and improvements in living standards. 'Reliability (Eco1)' was ranked third. In a BOPP film supply chain, products, forecasts, inventories and customer service should be reliable. The fourth ranked criterion was 'Flexibility (Eco3)' with 'Responsiveness (Eco2)' ranked last in the list. As international and national market BOPP industry demands fluctuate over time, a company needs to be responsive to these market changes by adjusting current products or developing new products.
The "environmental dimension (Env)" was found to be the second most important indicator of the three dimensions, indicating the significance of improving the environmental sustainability of the BOPP supply chain. This particular dimension had four specific indicators. As shown in Table 7 , the associated environmental criteria were ranked Env1>Env2>Env3>Env4, indicating that the Energy consumption(0.4709)>Carbon emissions (0.2169)>Waste management (0.1703)>Environmental management system(0.1419). The 'Energy consumption (Env)' criterion was of the greatest importance, followed by 'Carbon emissions (Env2)'. This ordering implied that decision makers need to prioritize energy conservation and emissions reductions in the first place in the environmental dimension of supply chain operations. As the BOPP production process requires that the raw material be heated, the company consumes a great deal of electricity and natural gas. Further, because of seasonal temperature differences, power consumption in winter is more than twice that in summer. If there is a decrease in power consumption, there is a commensurate decrease in carbon emissions and pollution. The third ranked criterion in this dimension was 'Waste management (Env3)'. Fortunately, BOPP film can be easily recycled and reprocessed into products for many different applications, and when incinerated, only carbon dioxide and water vapor are produced, with no pollution. When used in landfill sites, plastic waste has the positive benefit of stabilizing the ground without producing unpleasant or harmful byproducts. 'Environmental management system (Env4)' was the last ranked in the environmental management priority sequence.
The "social dimension (Soc)" was placed last in the priority list. There were five specific criteria in this particular dimension. As shown in Table 8 , the order of the related criteria was Soc1>Soc2>Soc3>Soc5>Soc4, with the following weights; Employment (0.3694)>Health and safety (0.2864)>Working conditions (0.1599)>Customer issues (0.1024)>Societal commitment(0.0819). 'Employment (Soc1)' was ranked first under this dimension as in a developing country such as China, the most important corporate social responsibility has been recognized as the promotion of employment. 'Health and safety (Soc2)' was ranked second, primarily because in the BOPP supply chain, health and security are very important for both employees and customers. The 'Working conditions (Soc3)' criterion was ranked third, indicating the increasing attention stakeholders are paying to the work environment and employee living standards. 'Customer issues (Soc5)' was the fourth ranked criterion, and the final place of importance was the 'Societal commitment (Soc4)' criterion.
An overall ranking of all criteria was also determined by assigning global weights. The ranking was identified as Eco5>Eco4>Eco1>Env1>Eco3>Soc1>Env2>Soc2>Env3>Env4>Soc3>Soc5>Soc4>Eco2, as shown in Table 9 . According to the FAHP analysis, Quality (Eco5), Financial performance (Eco4), Reliability (Eco1), Energy consumption (Env1) and Flexibility (Eco3) were the top five most important sustainability criteria in the BOPP supply chain with respective values of 0.2064, 0.1686, 0.1447, 0.1113, and 0.0760. Responsiveness (Eco2), Societal commitment (Soc4) and Customer issues (Soc5) were the least important criteria with respective values of 0.0123, 0.0127 and 0.0159. As shown in Table 14 , the SCM alternatives from most important to least were A1>A2>A5>A3>A4. Therefore, A1 with a value of 0.0950 was the best solution for the BOPP focal company, and A4 with a value 0.0512 was the least significant solution for the situation.
In our case study, the selection of the alternatives was only a preliminary recommendation, as the final solution needs to be further discussed by the Board of Directors.
Conclusions
In this paper, the current status of the Chinese BOPP plastic film industry was discussed. We presented a framework to characterize the sustainable performance of the BOPP plastic film industry from a supply chain management perspective. Despite the growing interest in evaluating sustainable performance in business and management, there have been few effective approaches that have concurrently adopted the three sustainability dimensions for plastic film supply chain management. From a comprehensive literature review and expert opinion, a hybrid fuzzy multi-criteria decision making method was designed that linked the sustainability criteria and alternatives to plastic film supply chain management. To illustrate our approach, a real BOPP plastic film industry case study in Sichuan was presented. The results from the study provide a new insight for plastic film supply chain management. The contributions of this study are as follows:
(1) A sustainability indicator system was developed for plastic film supply chain management that concurrently considered the economic, environmental and social dimensions. The indicators were specifically identified for the BOPP plastic film industry, so could provide theoretical and practical value for similar studies in the future. (2) A fuzzy multi-criteria decision making framework was proposed to evaluate and select the optimal solution for the plastic film supply chain. Fuzzy AHP was used to prioritize the criteria, and fuzzy TOPSIS was applied to rank the sustainable alternatives. The results in this paper indicated that the method was effective and efficient. (3) The proposed method was applied to a real BOPP plastic film company case study in Chengdu. Results from this model could provide decision support for policy makers seeking to balance BOPP supply and demand, adjust industry structure and promote regional sustainable eco-environmental development in China.
The developed framework could assist BOPP plastic film companies identify the criteria and solutions so as to realize sustainable supply chain management. In further research, different multi-criteria decision making models could be applied to the same problem and the results compared. There is also value in extending the research reported in this paper to other industries in China and beyond.
